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Introduction
This study focuses on the validation of educational instruments, in particular the employment of factor analysis. In many instances, the application of factor analysis can be improved. We provide guidelines derived from literature for the proper use of factor analysis and illustrate the steps necessary to perform thorough factor analysis, focusing on educational environment instruments and, in particular, the Postgraduate Hospital Educational Environment Measure (PHEEM) (Roff et al. 2005 ). The validation method described in this article is also relevant for validating other educational measures, for example, instruments measuring learning styles and strategies, teaching styles, readiness for interprofessional learning, student motivation and student reflection. The significance of the educational environment for student learning has been increasingly acknowledged in recent years (Parry et al. 2002; Miles & Leinster 2007) . Over the past 10 years, many qualitative studies have been performed to discover the characteristics of the clinical educational environment. These studies have led to numerous articles describing perceptions of the clinical educational environment, and to the development of several instruments measuring the quality of the educational environment (Roff et al. 1997; Cassar 2004; Holt & Roff 2004; Roff et al. 2005; Deketelaere et al. 2006; Kanashiro et al. 2006) . In most of these studies, the perceptions are clustered in themes, components or scales.
Practice points
. Combine several psychometric criteria in factor analysis: scree plot, eigenvalues and minimum percentage of additionally explained variance (approximately 5%). . Tighten the eigenvalues criterion to prevent overfactoring. . Investigate the interpretability of more than merely the solution which seems best according to the psychometric criteria. . Relate outcomes of factor analysis to existing theories. . Report the analysis properly.
Correspondence: Johanna Schönrock-Adema, Center for Research and Innovation in Medical Education, University of Groningen and University Medical Center Groningen, A. Deusinglaan 1, 9713 AV Groningen, The Netherlands. Tel: 31 50 3638378; fax: 31 50 3637390; email: j.schonrockadema@med.umcg.nl Although these classifications display some overlap, consistency is lacking, perhaps because they were mainly formed on a qualitative basis. Quantitative studies applying thorough factor analysis to validate these classifications are hard to find. Often researchers adopt the original scales and examine the differences in scores on these scales between groups of respondents as quantitative validation (e.g. Pimparyon et al. 2000; Cassar 2004; Kanashiro et al. 2006) . Although this is a good method to establish construct validity, factor analysis should precede this kind of validation (Tabachnick & Fidell 1996) .
Factor analysis is one of the most useful methods for studying and validating the internal structure of instruments (Nunnally 1978; Pedhazur & Schmelkin 1991; Kieffer 1999; Henson & Roberts 2006) . Although some researchers have applied factor analysis in validating educational environment instruments, closer inspection reveals that in most instances they did not perform or report the factor analysis thoroughly. For example, in some studies the criteria applied in factor analysis were not reported (Sobral 2004; De Oliveira Filho et al. 2005) . In other studies, factor solutions were chosen on the basis of only one criterion (Nagraj et al. 2006; Boor et al. 2007; Clapham et al. 2007 ). The unsuitability of this method will be explained below. Furthermore, in some studies the description of the resulting factors was lacking or incomplete (Nagraj et al. 2006; Aspegren et al. 2007; Clapham et al. 2007 ). In addition, Nagraj et al. (2006) and Clapham et al. (2007) did not perform factor analysis prior to examining construct validity, but afterwards, which is the wrong way around (Tabachnick & Fidell 1996) .
Although several criteria can be applied in factor analysis, a too limited selection of criteria can lead to widely divergent outcomes. This is illustrated by two studies in which the PHEEM was validated by applying only one criterion, with the chosen criterion being different. Clapham et al. (2007) applied the 'eigenvalues > 1' criterion, resulting in a 10-factor solution, whereas Boor et al. (2007) applied the scree test, resulting in a 1-factor solution. In both instances, the outcomes of the factor analysis are questionable: whereas the 'eigenvalue > 1' rule carries the risk of overfactoring, the 1-factor solution carries the risk of underfactoring. Overfactoring or overextraction means overestimation of the number of factors to retain. It implies that factors with little theoretical value are retained as substantial constructs and can lead to a distortion of interpretations, the development of unnecessarily complex theories and a diminishing of the replicability of the outcomes (Gorsuch 1983; Velicer & Jackson 1990; Fabrigar et al. 1999; Henson & Roberts 2006) . Underfactoring is even more severe than overfactoring, as the estimated factors are likely to contain considerable error (Wood et al. 1996) . Furthermore, the practical merits of a onedimensional scale are questionable because it implies that only the overall score on the instrument is useful. An instrument containing several scales may be more practical for managing environmental change, as it may offer educators starting points for improvement by providing them with an overview of types of aspects judged as more or less positive.
Considering the divergent outcomes of applying only one criterion and the attached shortcomings, it seems better to combine several psychometric criteria in factor analysis, as Hatcher (1994) and Kieffer (1999) recommended. Hatcher (1994) recommends applying three psychometric criteria together: the scree test, the eigenvalues criterion, and the proportion of variance that a factor explains. The factor solution that seems best according to all these criteria should be subjected to a further investigation into the meaningfulness of the factors. Investigating interpretability is essential, as a model that fails to produce a rotated solution that is interpretable and theoretically sensible is of little value (Rummel 1977; Fabrigar et al. 1999 ). However, merely applying psychometric criteria does not necessarily lead to the best interpretable solution. To ensure selection of the solution that makes the most sense and displays the most scientific sensibility, researchers suggest investigating the interpretability of more than merely that solution which seems best according to the psychometric criteria (Tabachnick & Fidell 1996; Lee & Hooley 2005) .
The aim of this study was to demonstrate the superiority of a sophisticated method, implying an integration of the recommendations described in the factor analysis literature, over more limited methods. For this demonstration we validated the PHEEM, employing a combination of several psychometric criteria and investigating the interpretability of the resulting factor solutions. Proving that our approach is better than previously applied methods implies that it yields (a) interpretable and practically useful dimensions with (b) less risk of under and overfactoring and (c) theoretically sensible dimensions that are more in accordance with educational theories than the outcomes in the studies mentioned before. In addition, we investigated how this classification relates to the original scaling of the PHEEM.
Methods

Respondents and procedure
Data were collected at the University Medical Center of Groningen. Participation was voluntary. The PHEEM was anonymously completed by 279 clerks from 8 hospitals (68%) before sitting a progress test.
Instrument
The PHEEM consists of 40 items on a Likert-type scale (1 ¼ totally disagree, 5 ¼ totally agree). We used the Dutch version of the PHEEM developed and validated by Boor et al. (2007) . Their translation of the PHEEM into Dutch was completed with the original authors' permission. A professional translator rendered this Dutch version back into English. The original authors considered this version equivalent to the original questionnaire. Although some items were adapted to the Dutch situation, for example, item 17, 'My hours conform to the New Deal', the substance of the items did not differ from that of the original items. For reasons of recognizability, we decided to use the original formulations of the items in our results. Three scales were originally identified: perceptions of (a) role autonomy (15 items), (b) teaching (14 items) and (c) social support (11 items) (Roff et al. 2005 ).
Enhancing validation of educational instruments e227
Analysis
Before performing the factor analysis, we checked whether the assumptions regarding normality of the distribution were satisfied. Skewness and kurtosis are used as indicators of the normality among single variables (Hatcher 1994; Tabachnick & Fidell 1996) . In case of substantial skewness and kurtosis, which may degrade the solution, variable transformation is considered (for details see Tabachnick and Fidell 1996, pp. 82-85) . Two items (items 7 and 13) were transformed because they did not satisfy the assumptions of normality. Because of the sample size, which was good (Tabachnick & Fidell 1996, p. 640 ) and the distribution of the scores, we assumed an interval level, which is a tenable assumption (Jaccard & Wan 1996) , and applied parametric statistics.
To investigate the internal structure of the PHEEM, we applied Principal Components Analysis with varimax rotation. Several criteria were applied to determine how many factors should be retained (Table 1) :
(1) The point of inflexion displayed by the scree plot; (2) The eigenvalues criterion. Since several studies show that the 'eigenvalues > 1' rule leads to an overestimation of the number of factors to retain (Henson & Roberts 2006) , in this study this rule was tightened to 'eigenvalues > 1.5'; (3) The 'proportion of variance accounted for' criterion. A component was retained if it minimally explained an approximate additional 5% of the variance.
The interpretability was investigated using Hatcher's interpretability criteria (Hatcher 1994) . To find the best solution in terms of interpretability and theoretical sensibility, we decided to investigate the interpretability of the best solution according to the current three psychometric criteria and that of solutions with up to two factors more and two factors less (Lee & Hooley 2005) . The interpretability criteria read: (4a) A given component contains at least three variables with significant loadings, a loading of 0.40 being suggested as the cut-off point; (4b) Variables loading on the same component share the same conceptual meaning; (4c) Variables loading on different components appear to measure different constructs;
(4d) The rotated factor pattern demonstrates 'simple structure', which means that:
i most variables load relatively high on only one component and low on the other components; ii most components have relatively high factor loadings for some variables and low loadings for the remaining ones.
The interpretation process for each rotated solution started with the elimination of double-loading items (criterion 4d), which are items that load at least 0.40 on more than one factor (Hatcher 1994) . After ascertaining whether the solution satisfied all the interpretability criteria, the analyses were rerun without the double-loading items.
To determine whether criteria 4b and 4c were satisfied, eight medical education experts independently interpreted the factors for all relevant solutions. Subsequently, the interpretations were discussed and the expert team reached complete agreement on (a) the interpretations of the factors and (b) the best factor solution.
A confirmatory factor analysis, namely, the Oblique Multiple Group Method (OMG), was performed to verify whether the original PHEEM structure should be maintained (Stuive et al. 2008 ). The first step in the OMG involves constructing scales by simply combining the items assigned to the same scale. In the next step the correlation of each item with each scale is calculated. Items should correlate strongest with the scale to which they are assigned. If items correlate stronger with other scales, this indicates they were wrongly assigned. The strongest correlation indicates the scale the item should be assigned to instead.
Results
Principal Component Analysis
The data displayed several missing data randomly scattered over the dataset. Because listwise exclusion would result in a sample size too small for reliable factor analysis and pairwise deletion carries the risk of less replicable outcomes, we performed the analysis replacing missing values with the variable mean (Field 2006) . The scree plot showed a sharp point of inflection (criterion 1) after the first factor (Figure 1 ). Only five factors had initial eigenvalues > 1.5 (criterion 2), with values ranging from 1.55 to 10.98. Of these, only the first three factors accounted for more than or approximately 5% of the variance (criterion 3). Considering the eigenvalue and the 'proportion of variance accounted for' criterion, the 3-factor solution was taken as the starting point for our analysis. Our previous decision to investigate the interpretabilities of solutions with up to two factors more and two factors less to find the best interpretable solution, was revised. For obvious reasons, we decided to drop the 1-factor solution from further investigation, which left the 2-, 3-, 4-and 5-factor solutions.
After eliminating items loading on more than one factor (criterion 4d), all the factors of each solution still contained at least three items with significant loadings (criterion 4a). However, the 4-and 5-factor solutions contained factors that were not unambiguously interpretable (criterion 4b). The rotated factor pattern demonstrates simple structure
In addition, they failed to meet the criterion that different factors should measure different constructs (criterion 4c). Of the remaining two solutions, the 3-factor solution was easier to interpret than the 2-factor solution (criterion 4b) -the first factor of the 2-factor solution seemed to measure two different constructs which were separated in the 3-factor solution. The 3-factor solution explained 37.7% of the variance. As this solution initially had three items loading on two factors, namely, (21) 'There is access to an educational programme relevant to my needs', (31) 'My clinical teachers are accessible' and (40) 'My clinical teachers promote an atmosphere of mutual respect', the analyses were repeated without these items. This resulted in similar outcomes, with one item again loading on two factors -(10) 'My clinical teachers have good communication skills'. After removal of this item the analyses were rerun. The resulting 3-factor solution demonstrated a perfectly 'simple structure', with interpretations that did not differ from the initial labels assigned to the factors. The final, 3-factor solution explained 37.1% of the variance, with the third, unrotated factor explaining 5.0%. The initial eigenvalues of the components were 9.42, 2.14 and 1.78. After rotation, the factors explained 21.95%, 7.63% and 7.48% of the variance. The first scale (Table 2) concerned aspects related to the content of the clerkship and the quality of coaching by teachers. The experts interpreted this factor as learning content and coaching. The second factor contained aspects concerning the social climate, also interpreted as culture or atmosphere. This factor was summarized as beneficial affective climate. The third factor mainly focused on the organization of the clerkship -providing necessary conditions for educational activities -which could also be labelled as educational or external regulation. The reliability of the 36 item PHEEM was high, with a Cronbach's of 0.91. The scales had 's of 0.92, 0.61 and 0.66, respectively. The third factor consisted of only five items and correction for test length showed that on an 11-item scale, which is the length of the shortest scale in the original scale structure (Roff et al. 2005) , the would increase to 0.81.
Quality criteria. In the Section 'Introduction' we stated, proving that our approach is better than more limited methods implies that it yields (a) interpretable and practically useful dimensions with (b) less risk of under and overfactoring and (c) theoretically sensible dimensions that are more in accordance with educational theories. First, the three factors that we found were interpretable and appear to be practically useful. Second, our findings fall between the outcomes of the aforementioned studies applying only one criterion (Boor et al. 2007; Clapham et al. 2007) , thus carrying less risk of overfactoring and underfactoring. This benefit can be ascribed to the more sophisticated approach of combining several criteria, considering the fact that our results were comparable to those of the PHEEM studies mentioned previously (Boor et al. 2007; Clapham et al. 2007 ): if we had applied the same criteria as used in those studies, we would have found 10 factors with eigenvalues > 1 versus 1 factor with the point of inflexion criterion. Third, our dimensions appeared to be theoretically sensible, as they corresponded closely with theories on learning functions essential to high-quality learning (Shuell 1988; Vermunt 1996; Vermunt & Verloop 1999) . In these theories that focus on theoretical learning, three main types of learning functions are identified that are important for enhancing the learning process: cognitive, affective and metacognitive functions. Our first dimension, learning content and coaching, corresponds with the cognitive learning functions, which pertain to the acquisition of learning content and lead directly to learning outcomes (Vermunt & Verloop 1999) . Due to the different setting (workplace learning rather than theoretical learning), the emphasis in our dimension is more on adequate learning opportunities and coaching of learning content than on Enhancing validation of educational instruments e229 teaching in the sense of presenting and explaining learning content. The beneficial affective climate dimension corresponds with the affective learning functions. These functions refer to the ability to cope with feelings arising during learning, which in turn lead to mood states that may foster or inhibit the learning process. Our dimension reflects aspects that typify the atmosphere of the educational environment and that may affect students' moods. Our external regulation dimension corresponds with the metacognitive learning functions that aim to regulate learning and mood states, and lead indirectly to learning outcomes by directing the course and outcomes of the learning process. The emphasis in this dimension differs most from the corresponding learning function: it mainly encompasses organizational aspects, and although these are external regulatory aspects, most aspects representative of this dimension cannot be regarded as metacognitive aspects.
Confirmatory factor analysis
The OMG showed that 18 of the total 40 items loaded higher on another scale than the scale proposed by the authors, namely, 11 items from 'perceptions of autonomy' and 7 from 'perceptions of social support'. In addition, the proposed PHEEM structure explained 33.2% of the variance, 3.9% less than the variance explained by the 3-factor solution that we found using Principal Component Analysis. From these results, we conclude that the OMG did not support the proposed PHEEM structure.
Discussion
The aim of this study was to demonstrate how to validate an educational instrument taking into account the findings and recommendations described in the factor analysis literature. First, the application of several criteria in combination, as recommended by experts (Hatcher 1994; Tabachnick & Fidell 1996) , led to three interpretable and practically useful dimensions of the PHEEM, learning content and coaching, beneficial affective climate and external regulation. Second, using our sophisticated method reduced the risk of overfactoring and underfactoring compared to the more limited methods applied in aforementioned studies (Boor et al. 2007 ; Notes: h 2 communality estimates (estimates of the proportion of variance in a given variable explained by all components jointly). a The scores on the italic items were reversed. Clapham et al. 2007 ). Last, but not least, our dimensions appeared to be theoretically sensible as they corresponded with educational theories. As the authors of the beforementioned studies did not connect their outcomes to educational theories and we were not able either to connect their outcomes to educational theories, our outcomes seem to be theoretically more sensible, which is again in favour of our method. Replication studies focusing on other instruments are needed to prove the superiority of combining several criteria compared to less sophisticated approaches.
One limitation of this study is that the amount of explained variance is only moderate. However, we explained more variance than we would have, had we remained with the 1-factor solution of Boor (2007) or with the original scaling as proposed by Roff et al. (2005) . Retaining more factors was not an option, as the interpretability criteria were violated. The strengths of our method include a reduced risk of over and underfactoring than in previous studies and the identification of factors that are interpretable, practically useful and correspond with learning theories. Therefore, we recommend applying the current combination of psychometric and interpretability criteria in future validation studies. Further research should investigate whether our current findings can be replicated.
A second possible limitation of this study is that it was based on clerks' perceptions, whereas the instrument was originally created for postgraduates. However, we consider it unlikely that the factorial structure would differ much for both samples as the workplace is essentially the same: it concerns adult learning in a clinical learning environment. In fact, the outcomes based on clerk samples seem very similar to those based on resident samples in view of previous studies and the current study (Boor et al. 2007; Clapham et al. 2007 ). In addition, the fact that our dimensions correspond with theories on learning functions important for theoretical learning makes it likely that the learning functions are important for learning in general. This strengthens our assertion that there is no reason to assume that these dimensions do not apply in postgraduate learning.
Although this study proves that choices made during data analysis have direct outcomes, it must also be noted that the quality of the outcomes depends partly on the quality of the instrument. From our results, we can infer that Roff et al. (2005) did an outstanding job in performing their extensive qualitative study and in reducing their item pool to the core items. The fact that the learning functions are reflected in our PHEEM data validates their work. On the other hand, this finding also supports theories on learning functions and their importance for high-quality learning.
In conclusion, this study shows several advantages of our approach over the methods applied in the previous validation studies. Therefore, we recommend that researchers aiming to validate educational instruments i.
combine several psychometric criteria -namely, (a) scree plot, (b) eigenvalues > 1.5 and (c) components explain minimally an approximate additional 5% of the variance; ii. explore the interpretability of the resulting solution and of solutions with one and two factors more and less and iii. relate the outcomes to existing theories.
In addition, it is important to report the procedure and outcomes of the factor analysis properly. We hope that our research will stimulate the use of the current method in validation studies and that these validation studies will lead, eventually, to more consistency in the resulting dimensions found and, as a result, to best practice in educational research.
